The present study aimed to investigate the effect of β-asarone treatment in a rat model of depression induced by chronic unpredictable mild stress (CUMS) and to further explore the underlying molecular mechanisms. A rat model of depression was established by subjecting rat to CUMS and treated with various concentrations of β-asarone (12.5, 25 and 50 mg/kg/day) and fluoxetine (20 mg/kg/day). Next, behavioral tests, including an open field, sucrose preference and forced swimming tests, were performed. In addition, the apoptosis of hippocampal neuronal cells was determined by flow cytometry, gene expression levels were detected by reverse transcription-quantitative polymerase chain reaction and protein levels were determined by western blot assay. The results revealed that β-asarone significantly mitigated CUMS-induced depression-like behavior, evidenced by the increased sucrose intake, crossing and rearing numbers, and decreased immobility time in the forced swimming test. Furthermore, β-asarone significantly decreased the apoptosis rate of hippocampal neuronal cells in rats subjected to CUMS. β-asarone was also found to enhance CREB, BDNF, Trk-B and Bcl-2 levels, and reduce Bad level in the hippocampus of CUMS-treated rats. In addition, the activation of extracellular signal-regulated kinase pathway inhibited by CUMS was promoted by β-asarone treatment. In conclusion, the present study findings indicated the antidepressant-like effects of β-asarone on CUMS-induced depression in rats.
Introduction
As a common neuropsychiatric disorder, depression is one of the major causes of disability worldwide (1) . Depression is characterized by a variety of symptoms, including persistent low mood, cognitive impairment, intellectual ability retardation and somatic symptoms (2) . With the rapid social and economic development, stress and adversity are becoming more severe, which may lead to depression. According to the prediction of WHO, the incidence of depression increases 113% annually and is expected to become the second largest disease burden worldwide by the end of 2020 (3) . Although the cause of depression is poorly understood, stress is considered to be the main contributing factor leading to biochemical alterations in the brain that present as the clinical symptoms of depression (4, 5) . To date, >20 types of animal models of depression have been established, and the chronic unpredictable mild stress (CUMS) model, originally developed by Willner et al (6) , is the most widely used model. At present, tricyclic antidepressants, monoamine oxidase inhibitors and selective 5-hydroxytryptamine reuptake inhibitors are the most commonly used drugs for the treatment of depression; however, their effect is not satisfactory. Therefore, identifying drugs with high efficiency and low toxicity for the treatment of depression is currently urgent. β-asarone (also known as cis-2,4,5-trimethoxy-1-allyl phenyl) is the main active ingredient of the traditional Chinese medicinal herb Acorus tatarinowii Schott. β-asarone has various pharmacological properties, and can easily pass through the blood-brain barrier and be distributed in the brain (7) . Recent data have demonstrated that β-asarone can significantly affect the central nervous system and serves an important role in relieving neuronal apoptosis (8) (9) (10) . Studies have also evaluated the anti-tumor effect of β-asarone (11, 12) . Furthermore, it has been reported that β-asarone has antidepressive effects (13) (14) (15) (16) (17) ; however, the precise role and underlying mechanisms of these effects remain largely unclear.
β-asarone relieves chronic unpredictable mild stress induced depression by regulating the extracellular signal-regulated kinase signaling pathway
Therefore, the current study aimed to investigate the effects of β-asarone administration in a rat model of depression induced by CUMS and to further explore the underlying molecular mechanisms.
Materials and methods
Depression model establishment. In total, 120 healthy 6-week-old male Sprague-Dawley rats (180-210 g) were obtained from the Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China). The rats were fed under standard conduction (12-h light/dark cycle; 55±5% humidity; 22±2˚C), and were provided with food and water ad libitum. All animal experiments were conducted according to the Guidelines for the Care and Use of Laboratory Animals by the National Institutes of Health. The present study was approved by the Ethics Committee of Qiqihar Medical University (Qiqihar, China).
The rat model of depression was established by CUMS treatment for 6 weeks as described in a previous study (18) . Briefly, rats were group-housed and allowed to adapt to the environment for 1 week. Next, rats were single-housed and subjected to a variety of mild stressors for 6 weeks, with the exception of the control group rats, which were undisturbed in their cages in a separated room throughout the following 6 weeks. The mild stressors were as follows: Food deprivation for 24 h; water deprivation for 24 h; overnight illumination; cage tilt (45˚) for 7 h; soiled cage (200 ml water in 100 g sawdust bedding); foreign object exposure; light/dark perversion; hanging the rat on a balance bar with rope for 10 min; physical restraint for 3 h; 1-min tail pinch (1 cm from the beginning of the tail); 5-min oscillation; and exposure to white noise for 1 h. To ensure the unpredictability of the experiment, all stressors were performed randomly. Two or three types of stimuli were randomly scheduled daily for a total of 28 days. The same stimulus was not repeated for 3 consecutive days.
Rats were randomly divided into six groups (n=20 per group), as follows: i) Control group, unstressed + saline vehicle (0.01 ml/g body weight); ii) model group, CUMS + saline vehicle (0.01 ml/g body weight); iii) CUMS + 12.5 mg/kg/day β-asarone treatment group; iv) CUMS + 25 mg/kg/day β-asarone treatment group; v) CUMS + 50 mg/kg/day β-asarone treatment group; and vi) CUMS + 20 mg/kg/day fluoxetine treatment group, serving as the positive control. Beginning on week 4, the rats were orally administered with β-asarone or fluoxetine every day for 3 weeks. β-asarone and fluoxetine hydrochloride were obtained from Hubei Bangsun Chemical Co., Ltd. (Wuhan, China). At the end of the treatment, behavioral tests were conducted, and the hippocampal tissues of the rats were collected (week 6 after CUMS) according to the previous study (18, 19) . Rats were decapitated after anesthetization with 5% chloral hydrate (350 mg/kg; intraperitoneally). No rats exhibited signs of peritonitis following the administration of anesthetic.
Open field test. The open field test was performed as previously described (20) . The open field device used was a four-sided black metallic enclosure (100x100x40 cm) with a white open floor and was divided into 25 equal sectors by red lines. Each rat was placed alone in the center of the arena and was allowed to explore freely for 5 min. The frequency of rearing (rat erected on its hind legs) and number of crossings (rat entered into a new sector with four paws) were recorded.
Forced swimming test. The forced swimming test was performed according to a previously described method, with minor modifications (21) . Briefly, each rat was forced to swim in a cylindrical glass container (height, 50 cm; diameter, 20 cm) with 30 cm of water (22±1˚C) for 6 min. In the last 4 min, the immobile time (rat floating in the water without swimming) was recorded.
Sucrose preference test. The sucrose preference test was performed every week [from the beginning of the experiment (week 1) to week 6 (after the last treatment)], as described previously (22) . The sucrose preference ratio was calculated as follows: Sucrose preference value (%)=Sucrose intake (g) x 100%/[sucrose intake (g) + water intake (g)].
Detection of the apoptosis in the hippocampus. Extraction of hippocampal tissue from rats of different groups and single cell suspension preparation were performed according to a previous study (23) . Briefly, hippocampal tissue was extracted on ice, washed with cold saline, and then a 200 mesh sieve was used to mechanically dissociate the tissues into a single cell suspension. Subsequently, the cell suspension was centrifuged at 4˚C for 5 min at 670.8 x g, and the supernatant was discarded. Finally, to detect the apoptosis in the hippocampus of rats, an Annexin V-FITC Apoptosis Detection kit (Cell Signaling Technology, Inc., Danvers, MA, USA) was used as per the manufacturer's protocol. Flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA) was then used to analyze cell apoptosis. Tests were repeated three times.
Reverse transcription-quantitative polymerase chain reaction (qPCR).
To extract the total RNA from hippocampal tissues, TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used in line with the manufacturer's protocol. Total RNA concentration was detected using Nanodrop2000 (Thermo Fisher Scientific, Inc.). cDNA was then generated using the TaqMan microRNA Reverse Transcription kit (Thermo Fisher Scientific, Inc.), following the manufacturer's protocol. Subsequently, the TaqMan ® Universal PCR Master Mix kit (Thermo Fisher Scientific, Inc.) was utilized to examine the gene expression. The qPCR amplification conditions were as follows: 95˚C for 10 min, followed by 37 cycles of 95˚C for 10 sec and 60˚C for 60 sec. The primer sequences were obtained as required, and were as follows: cAMP response element binding protein (CREB) forward, 5'-ACA GAT TGC CAC ATT AGC-3', and reverse, 5'-CTC CTC CCT GGG TAA TGG-3'; brain-derived neurotrophic factor (BDNF) forward, 5'-CCC TTC TAC ACT TTA CCT CTT G-3', and reverse, 5'-GTT TCA CCC TTT CCA CTC CTA-3'; tropomyosin receptor kinase B (Trk-B) forward, 5'-GGG GCT TAT GCT TGC TGG TC-3', and reverse, 5'-CTC TGG GTC AAT GCT GTT AGG TT-3'; B-cell lymphoma-2 (Bcl-2) forward, 5'-GGG ACG CGA AGT GCT ATT GG TA-3', and reverse, 5'-CAG GCT GGA AGG AGA AGA TGC-3'; Bcl-2-associated death promoter (Bad) forward, 5'-ACA CGC CCT AGG CTT GAG GA-3', and reverse, 5'-GGC TCA AAC TCT GGG ATC TGGA-3'; and GAPDH forward, 5'-GAC AAC TTT GGC ATC GTG GA-3', and reverse, 5'-ATG CAG GGA TGA TGT TCT GG-3'. The 2 -ΔΔCq method was applied for rela-was applied for relative gene expression quantification (24) .
Western blot analysis. To measure the protein levels of CREB, BDNF, Trk-B, Bcl-2, Bad, extracellular signal-regulated kinase (ERK) and phosphorylated (p)-ERK in the hippocampus of rats from different groups, western blot analysis was conducted. Total proteins from the hippocampus of rats were extracted using a radioimmunoprecipitation assay buffer (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China). The protein quantification was calculated using the BCA assay (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. An equal amount of protein samples (25 µg/lane) was resolved by 10% SDS-PAGE and then blotted onto polyvinylidene difluoride membranes. The membranes were first blocked with 5% skim milk at room temperature for 2 h, and then incubated with a primary antibody against CREB (cat. Statistical analysis. All experiments were repeated three times. Data are displayed as the mean ± standard deviation. SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA) was used for data analysis. Student's t-test or one-way analysis of variance followed by Tukey's test was used to assess comparisons between groups. P<0.05 was considered to denote a statistically significant difference.
Results
β-asarone ameliorates body weight reduction induced by CUMS. As shown in Fig. 1 , at the beginning of the test, the body weight of rats in different groups was similar. After rats were subjected to CUMS for 2 weeks, their body weight was significantly decreased in comparison with that in the control group (P<0.05). Treatment with different concentrations of β-asarone (12.5, 25 and 50 mg/kg/day) and with 20 mg/kg/day fluoxetine significantly ameliorated the reduction in the body weight that was induced by CUMS. β-asarone administered at 50 mg/kg/day exhibited the most marked effect on the body weight of CUMS induced rats.
β-asarone ameliorates depression-associated symptoms induced by CUMS. To investigate the effects of β-asarone on CUMS-induced depression-like behavior, the sucrose preference, forced swimming and open field tests were conducted in the present study. As shown in Fig. 2A , a significant decrease in sucrose intake was observed in the model group when compared with the control group, and (12.5, 25 and 50 mg/kg/day) β-asarone or 20 mg/kg/day fluoxetine treatment significantly increased the sucrose intake. In addition, the immobility time in the forced swimming test was significantly enhanced in rats of the model group, while (12.5, 25, 50 mg/kg/day) β-asarone or 20 mg/kg/day fluoxetine treatment notably reduced this enhancement (Fig. 2B ). Furthermore, the locomotor activity was detected in the open field test, and the results are shown in Fig. 2C and D. Compared with the control group, the crossing and rearing number in the model rats was significantly decreased, while treatment with (12.5, 25 and 50 mg/kg/day) β-asarone or 20 mg/kg/day fluoxetine significantly eliminated these changes. Furthermore, 50 mg/kg/day β-asarone exhibited the most marked effect on CUMS induced depression-associated symptoms in rats. The findings indicated that the β-asarone and fluoxetine treatments significantly relieved CUMS-induced depression.
β-asarone prevents CUMS-induced apoptosis in the hippocampus. The findings demonstrated that, compared with the control group, the apoptosis rate of hippocampal neuronal cells significantly increased in rats of the model group. By contrast, (12.5, 25 and 50 mg/kg/day) β-asarone and 20 mg/kg/day fluoxetine treatment significantly decreased the apoptosis rate in hippocampal cells as compared with that observed in the model group (Fig. 3 ). β-asarone administered at 50 mg/kg/day exhibited the most marked effect on CUMS-induced apoptosis in the hippocampus of rats.
β-asarone enhances CREB, BDNF and Trk-B levels in the hippocampus of CUMS-treated rats. The effect of β-asarone on the levels of CREB, BDNF and Trk-B in the hippocampus of rats subjected to CUMS was determined. As shown in Fig. 4 , compared with the control group, the mRNA and protein levels of CREB, BDNF and Trk-B were significantly decreased in the hippocampus of rats in the model group; however, (12.5, 25 and 50 mg/kg/day) β-asarone and 20 mg/kg/day fluoxetine treatment significantly inhibited this reduction. β-asarone administered at 50 mg/kg/day exhibited the most marked effect on CREB, BDNF and Trk-B levels in the hippocampus of CUMS-treated rats. β-asarone enhances Bcl-2 level and reduces Bad in the hippocampus of CUMS-treated rats. The effect of β-asarone on the levels of Bcl-2 and Bad in the hippocampus of rats in the model group was also analyzed. As shown in Fig. 5 , compared with the control group, the mRNA and protein levels of Bcl-2 were significantly decreased, while Bad levels were increased in the hippocampus of rats in the model group. However, (12.5, 25 and 50 mg/kg/day) β-asarone and 20 mg/kg/day fluoxetine treatment significantly eliminated these changes in Bcl-2 and Bad levels. β-asarone administered at 50 mg/kg/day exhibited the most marked effect on Bcl-2 and Bad levels in the hippocampus of CUMS-treated rats.
β-asarone increases ERK phosphorylation in the hippocampus of CUMS-treated rats. The ERK signaling pathway serves an important role by mediating the protective responses to stress (25) . As shown in Fig. 6 , CUMS decreased the phosphorylation of ERK in the hippocampus of rats, while (12.5, 25 and 50 mg/kg/day) β-asarone and 20 mg/kg/day fluoxetine treatment significantly increased the ERK phosphorylation as compared with that in the CUMS model group. β-asarone administered at 50 mg/kg/day had the most marked effect on p-ERK level in the hippocampus of CUMS-treated rats.
Discussion
Depression is a complex disorder that has become an important social problem due to the severe effect it has on the health and quality of life of patients (1) . Thus far, drug treatment has been proven to be an effective method for depression treatment (26) . Therefore, seeking novel and effective drugs for the treatment of depression is urgent. β-asarone is the major active ingredient extracted from Acorus tatarinowii Schott. Acorus tatarinowii contains volatile oils, consisting mainly of 8.8-13.7% α-asarone and 63.2-81.2% β-asarone, and has been used in traditional Chinese medicine formulas to relieve learning and memory deficits (27, 28) . β-asarone can easily pass through the blood-brain barrier (7) , and various studies have indicated that it has various pharmacological properties, including an anti-cancer, anti-inflammatory and neuroprotective effect (12, 29, 30) . In addition, β-asarone was able to relieve cognitive impairments in Alzheimer's disease (30), Parkinson's disease (31) , and neuroinflammatory disease (32) . Previous studies have also suggested the antidepressive effects of β-asarone (13) (14) (15) (16) (17) . A study by Dong et al (33) suggested that β-asarone can reverse CUMS-induced depression-like behavior and induce hippocampal neurogenesis in rats. Nevertheless, to the best of our knowledge, the molecular mechanisms underlying the effect of β-asarone in depression are not fully elucidated. Therefore, clarification of these mechanisms was attempted in the present study, and a rat model of depression induced by CUMS was established. Our investigation differed from the study of Dong et al (33) in various aspects: Firstly, in the current study, rats were subjected to different concentrations of β-asarone (12.5, 25 and 50 mg/kg), whereas the study by Dong et al only examined the dose of 25 mg/kg β-asarone; secondly, fluoxetine (20 mg/kg) was used as the positive control drug in the present study, while this was not utilized in the previous study; and finally, the effect on the body weight and apoptosis in the hippocampus of depression rats was also explored in the present study. Consistent with the findings of the previous study (33) , the current study also found that β-asarone significantly mitigated CUMS-induced depression-like behavior.
Hippocampal neuronal damage may be one of factors that trigger depression (1). Maggio and Segal (34) demonstrated that hippocampal neurons in a stress-depression rat model had a decreased proliferation ability, dendritic atrophy, increased apoptosis of pyramidal neurons and decreased hippocampal volume in rats with recurrent depression. The majority of current antidepressant drugs or methods exert their effect by promoting neuronal regeneration in the adult brain (35) . Consistent with a previous study (23) , the results of the present study indicated that CUMS treatment significantly induced hippocampal neuronal cell apoptosis, while β-asarone significantly decreased hippocampal neuronal cell apoptosis in CUMS rats.
BDNF, a recognized molecular marker of neuroplasticity, is one of the important members of the family of neurotrophic factors and is widely distributed in the central nervous system of mammals, particularly in the hippocampus, cortex and amygdala (36) . Injection of BDNF in the brain to activate endogenous adult neural precursor cells can produce antidepressive effects (37) . As one of the third messengers in the nucleus, CREB serves an important role in neurogenesis and neuroplasticity. CREB-mediated transcriptional alterations and central nervous system diseases are closely associated, such as cognitive decline, depression and cerebral ischemia (38) . Activation of CREB in the hippocampal dentate gyrus of the adult rat hippocampus promotes neurogenesis, including cell proliferation and increased cell survival (39) . At the same time, CREB also participates in the regulation of antidepressant therapy, and its activation mediates the change of neuronal plasticity induced by the antidepressant treatment. CREB achieves its function primarily through modulation of the target genes that are critical for the maintenance of synaptic function and cell survival. BDNF is one of the most important target genes of CREB and serves an important role in the pathological process of depression and antidepressant treatment. Furthermore, ERK1/2 is one of the mitogen-activated protein kinases involved in numerous cellular processes, including long-term neuronal plasticity and survival (40) . Besides, the ERK signaling pathway is particularly important in mediating the protective responses to stress (25) . ERK1/2 is upstream to CREB in the control of neurogenesis (23, 41) . In the present study, the effect of β-asarone on the ERK1/2-CREB-BDNF pathway was further investigated. Consistent with a previous study (33), β-asarone was found to enhance p-ERK1/2, CREB, BDNF and Trk-B levels in the hippocampus of CUMS-treated rats. In addition, the anti-apoptotic gene Bcl-2 and pro-apoptotic gene Bad, which serve critical roles in apoptosis regulation, were analyzed in the current study. It was observed that β-asarone enhanced Bcl-2 level and inhibited Bad level in the hippocampus of CUMS-treated rats. The data indicated that β-asarone activated the ERK1/2-CREB-BDNF pathway, enhanced Bcl-2 expression and reduced Bad expression in the hippocampus of depression rats; however, the causal association remains unclear in vivo. This also requires in-depth investigation, thus, further research on this topic will be conducted in future studies.
In conclusion, the results of the present study indicated that β-asarone exerted an antidepressive effect on a rat model of depression induced by CUMS, and that the underlying molecular mechanism may be associated with the activation of the ERK signaling pathway. Therefore, β-asarone may be a novel and effective agent for the treatment of depression.
